Comparison of the cellular pharmacokinetics and toxicity of 2',2'-difluorodeoxycytidine and 1-beta-D-arabinofuranosylcytosine.
2',2'-Difluorodeoxycytidine (dFdC) is a new deoxycytidine analogue with good activity against human leukemic cell lines and murine solid tumors, while the activity of 1-beta-D-arabinofuranosylcytosine (ara-C) is established in experimental systems and for the treatment of human adult leukemia. This study compared the cellular metabolism and cytotoxic properties of dFdC and ara-C in Chinese hamster ovary cells. In wild-type cells, dFdC was significantly more cytotoxic than ara-C after both 4- and 18-h incubations. The 5'-triphosphate of dFdC (dFdCTP) was the major cellular metabolite (85-90%), reaching cellular concentrations up to 20-fold greater than those observed for ara-C 5'-triphosphate at equimolar concentrations of the parent drug. A deoxycytidine kinase-deficient mutant neither accumulated dFdCTP nor showed any cytotoxic response up to drug concentrations of 100 microM. The cytotoxicity of dFdC could be competitively reversed by deoxycytidine further suggesting that dFdC, like ara-C, required phosphorylation by deoxycytidine kinase for biological activity. Several explanations for the different cellular accumulation of the drug triphosphates were established: (a) nucleoside transport studies demonstrated that the membrane permeation of dFdC was 65% more rapid than that of ara-C; (b) deoxycytidine kinase had a higher affinity for dFdC (Km = 3.6 microM) than for ara-C (Km = 8.8 microM), while the Km for deoxycytidine was 1.4 microM; (c) the elimination of intracellular dFdCTP was biphasic with t1/2 alpha = 3.9 and t1/2 beta greater than 16 h while the degradation of ara-CTP was monophasic and significantly faster (t1/2 = 0.7 h). The comparatively long half-life of dFdCTP was related to the prolonged inhibition of DNA synthesis after removal of exogenous nucleoside. Together these factors contribute to the more potent cytotoxicity of dFdC compared with ara-C.